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INTRODUCTION



Great Lakes Toxic Air Emissions Inventory

More than 15 years of history
• Inspired by the:

• Great Lakes Toxic Substances Control Agreement (1986)
• Annex 15 of the Great Lakes Water Quality Agreement (1987)
• Great Waters section of the Clean Air Act Amendments (1990)
• Need for information on emissions to develop control strategies

• GLC has worked with 8 states and Ontario to:
• Build capacity to estimate emissions
• Create customized software and database tools
• Compile regional inventories and reports
• Outreach of project results



Challenge of reporting

Latest reports include:
• >200 pollutants

• From >2000 source classifications

• In >600 counties / districts

Result is 250,000,000 pollutant-source-county 
combinations to report on

Even more challenging is conveying:
• How data is produced

• Reasons for trends, discrepancies, etc.



Getting People Interested is a Bigger Challenge

Reports show how much 
of a substance is 
released, where and by 
what.

But

It is difficult for audiences 
to interpret the importance 
of a pound of 
Naphthalene.



Are Things Getting Better?

A change in the combined emission of >200 pollutants is not very meaningful

Changes in methods make determining trends across years very difficult



The Public wants to know about…

Where the chemicals 
end up, and

What harm they do



OBJECTIVES

Provide a tool to assist decision makers with 
quantifying the impact on human health 
based on emissions (levels, source location & type)

Develop a spatial multimedia model for the 
Great Lakes region and demonstrate its 
validity on a small scale

Assess the best way forward to weigh 
substances emissions



BACKGROUND

Life Cycle Impact Assessment



Popcorn or Polystyrene?

Which packing material is most environmentally friendly?

Non renewable
Non biodegradable

Renewable
Biodegradable



Impacts of packing materials

Ecopoints Critical 
Volume

Critical 
Surface-Time

Per kg

Ecopoints Critical 
Volume

Critical 
Surface-Time

Per m3

PS: Polystyrene

PC: Pop Corn



Life Cycle Assessment (LCA)

ISO 14040 series
Decision making tool

Goal
definition

Inventory of 
extractions and 

emissions

Impact 
assessment

Interpretation



Life cycle of a product

Manufacturing and 
assembly

Packaging and 
distribution

Extraction

Transformation

End of life
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Life Cycle Inventory (LCI)

Extraction

Transformation

Manufacturing and 
assembly

Packaging and 
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End of life
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Natural 
Resources

Ore
Crude oil
Water
Wood
Land area

Emissions
-To air 
CO2, SOx, PM,  
VOC
-To water
PO4, NO3

-To soil
Pesticides, metals

Others
Radiation
Heat
Noise



Life Cycle Assessment (LCA)

Human health

Ecosystem quality

Climate change

Resources 

Life Cycle 
Inventory (LCI)

Human toxicity

Respiratory effects

Ozone layer depletion

Photochemical oxidation

Terrestrial ecotoxicity

Aquatic ecotoxicity

Land occupation

Non-renewable energy

Mineral extraction

Ionizing radiation

Eutrophication

Climate change

Acidification

Environmental evaluation of impacts from cradle to gravecradle to grave based on all 
inputs from and emissions to the environment

Midpoint categories 
(Problems)

Endpoint categories 
(Damage)



IMPACT2002 in the context of LCA

IMPACT2002+ is an evaluation method of the impacts

IMPACT2002+LCI
Comparing 1 p life cycle 'Cycle de vie S1' with 1 p life cycle 'Cycle de vie S2';  Method: IMPACT 2002+ V2.02 /  IMPACT 2002+ / weighting

Cycle de vie S1 Cycle de vie S2

Human Health Ecosystem Quality Climate Change Resources

nP
t

360
340
320
300
280
260
240
220
200
180
160
140
120
100
80
60
40
20
0

IMPACT2002 is a model which determines the “conversion” of inventory 
results into a quantity of impact

Human health

Ecosystem quality

Climate change

Resources 

Life Cycle 
Inventory (LCI)

Human toxicity

Respiratory effects

Ozone layer depletion

Photochemical oxidation

Terrestrial ecotoxicity

Aquatic ecotoxicity

Land occupation

Non-renewable energy

Mineral extraction

Ionizing radiation

Eutrophication

Climate change

Acidification

Midpoint categories 
(Problems)

Endpoint categories 
(Damage)

Characterisation Factor
Per substance
Calculated by a model
Function of location and model 
resolution Terrestrial ecotoxicityTerrestrial ecotoxicity

Aquatic ecotoxicityAquatic ecotoxicity

Human toxicityHuman toxicity



DF
[years/case]
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IMPACT2002: Established modeling

FFXFiFxr ⋅=

[kgintake /kgemitted]

EF
[cases/kgintake]

Dose-Response

Concentration

Water

Sediment

Surface soil

Air

Root-zonesoil

Roots

Leaves

Deep soil

Gases

Particles

Water

Sediment

Surface soil

Air

Root-zonesoil

Roots

Leaves

Deep soil

Gases

Particles

Mass in env.
[kg]

Intake

Intake flow
[kgintake/day]

Incidence

Risk flow
[cases/day]

Damage

Damage flow
[years/day]

tenvironmen  theinto released mass

individualan by  intake mass
,
∑

= timepeopleiF

Emission

Emission flow 
[kgemitted/day]

XF
[1/day]

Exposure

FF
[day]
Fate



METHODOLOGY



Two provinces:
Québec
Ontario

Eight states:
Wisconsin
Minnesota
Michigan
Illinois
Indiana
Ohio
Pennsylvania
New York

Regions not 
considered:

Low 
population 
density
Large areas

Kenora

Cochrane

Nord-du-
Québec

Great Lakes region and St-Lawrence Basin



Representation of the non-spatial model
As simple as possible, 

as complex as 
necessary. 

Area division
Watershed
• Water
• Soil

Oceanic region
• St-Lawrence

Air

North America

Area 0

Great Lakes 
region

Area 1



Spatially resolved model



Validation with benzo[a]pyrene
GL-BTS

– Great Lakes Binational Toxic Strategy
– Level 1 substance (1997)

Known and studied PAH
Measured 
Highly carcinogenic
Higher exposure by food ingestion than by inhalation
Known and quantified sources:

– Fireplaces and woodstoves
– Fluidized bed catalytic cracking units (refineries) 
– Metal production (Aluminium)
– Open burning (controlled and wild fires)
– Mobile sources (engine combustion)



Chemical profile of B[a]P



Parameterization
Regional parameters

– Geographic
• Surfaces: water, soil, …
• Average lake depth
• …

– Annual consumption of agricultural products
• Meat
• Cereals
• …

– Population data
Data Sources Governmental

– Canada
• Statistics Canada
• Fisheries and Ocean Canada

– US
• USDA
• USGS



Emissions and concentration data
Emission data

– National Emissions Inventory (NEI) – US

– Environment Canada (EC) – Canada

– National Pollutant Release Inventory (NPRI) – Canada

– Great Lakes Commission’s regional inventory – US and Canada

Concentration data
– Articles : data on GL and US

– Ministère du développement durable, de l’environnement et des 
parcs du Québec (MDDEP)

– Environment Canada (EC)

– Integrated Atmospheric Deposition Network (IADN) – GL basin, 
Ontario included



RESULTS



Concentration in B[a]P in the environment
Correlation between calculated and monitored concentrations 
similar in GL and Europe



Concentration in B[a]P in food
Calculated concentrations in food and intake fraction 
overestimated by one order of magnitude



Intake fraction of B[a]P
Exposure from GL emissions is 3x higher than from NA emissions

X 3

Rest of NA has 4 times the population of the GL 
Intake implications



3% emissions correspond to 53% intake which account for 99% impact

Impact of PAH-16 emissions

iF

3%

53%

TEF
DALY/case

95% 99%



Emission Equivalent Factors
Intake Fraction (iF)

Emission to dose
Regional

Toxic Equivalent Factors (TEF)
Dose to toxicity

Emission Equivalent Factors
Emissions to toxicity
Regional

EEF = iF x TEF



An example: St-Lawrence County, NY



Sources by total PAH weight
88% PAH are emitted by Residential Wood Combustion

Naphthalene 40%
Acenaphthylene 30%

Benzo[a]pyrene 99.9%



TEF weighed sources
The importance of Al plants increases in the TEF weighed inventory

Dibenz[a,h]anthracene 65%
Benzo[a]pyrene 13%

Benzo[a]pyrene 99.9%



EEF weighed sources

Dibenz[a,h]anthracene 50%
Benzo[a]pyrene 42%

Half-life in air

Benzo[a]pyrene 170h
Dibenz[a,h]anthracene 8h

Residential Wood Combustion is no longer the most important activity in a 
EEF weighed inventory

Benzo[a]pyrene 99.9%



Identifying hotspots for targeted action

Develop tailored measures 
to reduce emissions at 
hotspots

Maximum environmental 
benefit for the effort 
invested



CONCLUSIONS & 
RECOMMENDATIONS



Conclusions

Substances impact is dependent on toxicity and intake 
fraction

– Six orders of magnitude variation between B[a]P and 
Acenaphtene in DALY/hr based on reported 
emissions

– 4 PAH account for only 3% of emissions, but 
contribute to approx. 99% of human health impact of 
PAH-16

Location of emission is a determining factor of 
exposure



Measure PAHs emission reduction based on modeled 
impacts

iF x TEF

NOT quantity of emission

NOT TEF weighted emissions

Apply Life-Cycle approach the emissions inventory
A way to report out the impact of the inventory

Set reduction goals based on combined impact of multiple 
chemicals

Recommendations



Next steps

Non spatially resolved model Next 2 months
– Improve model fit (calculated vs. monitored concentrations)

Spatially resolved model Next 6 months
– Parameterization

– Results analysis

– Applications



Thank you for 
your attention!

Questions?
gabrielle.soucy@polymtl.ca
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